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Introduction 

Two-dimensional (2D) correlation spectroscopy (COSY) stands at the core of 2D NMR spectroscopy techniques, and shows strong vitality and unsubstitutable 

significance. Conventional 2D COSY suffers from long acquisition time and inhomogeneous broadening in inhomogeneous fields. Two schemes via spatially encoded 

intermolecular multiple-quantum coherences combined with Hadamard encoding and three-dimensional acquisition were proposed to achieve high-resolution 2D COSY 

in inhomogeneous fields with high acquisition efficiency. Two samples were tested for the feasibility and respective features of the two schemes. The new schemes may 

be useful for the study of heterogeneous chemical and biological materials.  

Methods 

The pulse sequences are shown in Fig. 1. The spatially encoded block is composed of a pair of 

linearly swept adiabatic π pulses applied in the presence of a pair of bipolar gradient pulses. The first 

pulse shown in Fig. 1a is a polychromatic excitation pulse Hadamard encoded to excite the desired 

chemical shift sites [3]. After Hadamard decoding, the signals from every frequency site will be 

separated and free of inhomogeneous effects. They hold all useful correlation information for a 2D 

COSY spectrum based on the symmetrical characteristic. Four linear coherence selection gradients 

shown in Fig. 1b are applied to select the following coherence transfer pathway 

0 0 2 1 1→ →+ →+ →− . In this pathway, the two indirect detection periods including spatial encoding 

(F2 dimension) and t1 (F1 dimension) are intermolecular double-quantum coherences and intermolecular 

zero-quantum coherences evolution. The acquisition dimension is referred as F3 dimension. 
High-resolution 2D COSY spectrum can be achieved by projecting the 3D spectrum onto a F1-F3 plane 

after a shearing process of F2-F3 plane [4]. 

Results and discussion 

Experiments were performed on a Varian NMR System 500 MHz spectrometer. A sample of 100 

mM butyl methacrylate in DMSO was used to test the scheme shown in Fig. 1a in an intentionally 

deshimmed inhomogeneous field with a line-width of 100 Hz. Fig. 2 shows the decoded signals from 

the Hadamard encoded signals and the reconstructed 2D COSY spectrum. The acquisition time is about 

40 seconds and the line-width of decoded spectrum reduces to 28 Hz. To accurately generate 

polychromatic excitation pulses, the desired chemical shift should be known beforehand, which can be 

achieved by using the IDEAL-II sequence [5]. Artificial peaks will appear if the overlap between 

neighboring peaks is severe due to the inhomogeneous fields.  

A brain phantom was used to test the pulse sequence shown in Fig. 2b. Fig. 3 shows the projected 

1D and 2D spectra from the resulting 3D spectrum and a conventional 1D spectrum in the 

inhomogeneous field with a line-width of 100 Hz. The acquisition time is about 30 min and the 

line-width of projected spectrum reduces to 31 Hz. This method can be used to acquire high-resolution 

2D COSY spectrum without knowing the chemical shift beforehand and is more insensitive to the 

inhomogeneous fields than the one shown in Fig. 1a. 
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Fig. 1 High-resolution 2D COSY sequences via spatially 
encoded intermolecular multiple-quantum coherences 
combined with (a) Hadamard encoding and (b)
three-dimensional acquisition. 

Fig. 3 NMR spectra of a brain phantom acquired with the
pulse sequence shown in Fig.1b. The left column shows the
conventional 1D spectrum in the inhomogeneous field and
the projections along the F3 and F1 axes of 2D COSY
spectrum shown in the right column. The 2D COSY
spectrum is the projection of 3D spectrum after a shearing
process.  

Fig. 2 NMR spectrum of 100 mM butyl methacrylate in 
DMSO obtained with the pulse sequence shown in Fig. 1a. 
The left column shows the conventional 1D spectrum in the 
inhomogeneous field and the signals decoded from the 
Hadamard encoded data. The right one is the reconstructed
2D COSY spectrum. 
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